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Centrifuge for processing blood and blood components in ring-type blood processing 
bags 

The claimed invention relates to a centrifuge for processing blood and blood components 
and of which the function is based on an effective utilisation of blood processing bags of 
ring type with associated, if required, secondary bags and other accessories. The secondary 
bags and the other accessories are of standard type within the area of technology and 
together these and the characteristic ring bags that are necessary for the centrifuge, in . 
accordance with the invention, could be joined to the bag intended for various special 
blood processing purposes. This bag set, which is completely manufactured of inert plastic 
material allowing the blood and blood components to be seen, can therefore have different 
- structures and designs depending on which type of blood processing they are intended for, 
but they are all based on the utilisation of the ring bag as a basic component. The intention 
of the claimed invention is to offer a blood processing centrifuge with its special shape that 
makes it possible to limit the number of manual handling stages to a minimum, within 
every type of blood processing operation in which a centrifuging stage is included. 

Different types of centrifuges intended for processing blood and blood components and 
also several types of ring bags intended for using in these centrifuges are to be found 
described in, for example, WO 87/06857, US-A-5,1 14,396, US-A-5 ,723,050, WO 
97/30715, WO 98/35757. Of the centrifuges described therein it is primarily those that are 
included in the two latter-named patent documents that purpose-intended ring bags are 
utilised combined with standard secondary bags. In the blood processing bags that are 
stated in WO 87/06857 and in US-A-5,1 14,396 instead of purpose-intended ring bags a 
more complicated type of bag is included, which consists of a ring formed blood 
processing chamber manufactured as one unit with a centrally arranged secondary bag. In 
US-A-5,723,050 a further description is given of a ring bag intended for the same purpose 
which, in turn, is secured in a central assembly cover which, on the one hand, gives a 
central control of the ring bag and, on the other hand, to give room internally for the 
required secondary bags. In WO 97/30715 and WO 98/757 it is indicated that the ring bags 
which are used during centrifuging are secured in the centrifuge by a number of holes on 
their periphery intended to be fitted over the pins secured in the centrifuge and which are 
intended for that purpose. This is all well and good but is not sufficiently good as has been 
shown during the course of the years. The stresses on the bags inner periphery edges, 
especially when it is only thin pins holding them in place, can be so excessive that the 
edges of the bags rupture. 
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To solve this problem the centrifuge, in accordance with the invention, has been equipped 
with a small number of, for example, three to five supports with a little larger diameter, 
divided at the same height as the intended position for the ring bag's inner periphery onto 
which the purpose-made guide holes along the ring bag's inner periphery are located. Via 
the support's greater contact line with the ring bag and by the centrifuge also being 
equipped with an opening and closing inner lid, which in the closed position clamps the 
ring bag's inner edge securely along and between the guide holes we have, in an effective 
way, been able to determine the ring bag's position in the centrifuge rotor and limit the 
stresses on the ring bag's inner edge. Consequently, the clamping function limits, through 
its greater contact area, the load on the ring bag's inner edge and prevents it from slipping 
over or, in some other way, being released from the supports while the centrifuging is 
activated. Apart from that, in the inner lid one or several photocells are advantageously 
arranged which after centrifuging are used for determining when emptying the ring bag 
shall be interrupted, in other words, when approaching the interface between the desired 
and the non-desired component. 

By placing the previously described supports with less asymmetry and with the ring bags 
intended guide holes arranged in the same asymmetric way, a prior defined position for the 
ring bags is obtained automatically. This has several advantages as it is also possible to 
define the position for the tubes that connect the ring bags in the different bag sets with 
each respective secondary bag. We, of course, have found that we can utilise the thicker 
supports for some other purpose than just for holding the ring bags in position in the 
centrifuge. According to the claimed invention the supports can thus be equipped with 
built-in clamping instruments in which the different tubes between the ring bag and 
secondary bags can be arranged and with which the passage through these tubes can be 
opened and closed. Apart from that these clamp valves can, on condition that there is 
sufficient electric power via the centrifuge rotor, be combined with a cutting and welding 
function with which the tube which passes the clamp valve in question can be sealed and 
cut as soon as the connecting function, which it represents, is no longer needed. Another 
occasion when it simplifies how the ring bag is to be placed in the centrifuge is when the 
used bag set contains a cell trap for which there should suitably exist a preferred space in 
the centrifuge rotor or on its inner lid. A similar cell trap can, for example, be of the type 
that is described in WO 97/30715, which in principle consists of one on one priorly 
defined arc in the slightly longer connecting tube in the centrifuge's rotating part. 

That it is at all possible to weld requires, as previously indicated, access to electric power 
in the centrifuge's rotor and this problem has, in accordance with this further variant of the 
invention, been solved by means of an arranged slip-ring clutch along the centrifuge's 
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rotor axle. Access to the slip-ring clutches that are concentrically arranged around the 
centrifuge's rotor axle and by which means access to the electric power in the centrifuge 
rotor has also made possible an effective program control of the different functions in the 
centrifuge. 

A further improvement to the blood processing centrifuge, in accordance with the 
invention, relates to the production of medicinally valuable blood platelet plasma from the 
concentrate product, which is designated Buffy Coat at blood donor centres. Before the 
Buffy Coat can be centrifiiged, making the blood platelet-rich product accessible, the 
original material, which is viscous, is diluted with a standard diluting solution. An example 
of a similar standard diluting solution that is used profusely in this area is generally 
designated T-Sol. In normal cases the Buffy Coat is available in the form of concentrates 
from previous extractions of red blood cells and plasma from whole blood. Each 
concentrate batch of Buffy Coat is, as a rule, too small, even after diluting with the 
relevant diluting solution, to be worth an individual centrifuging. As every similar type of 
Buffy Coat concentrate is initially available in its own blood processing bag a decided 
amount of diluting solution was previously manually added to each of a number of similar 
blood processing bags and shaken manually until an acceptable mixture resulted and added 
together to a larger bag which was centrifiiged. 

Apart from all manual handling and the related time required, there is a risk that the person 
who must shake the blood bags receiving neck and shoulder injuries in the long-term. 

To be able to also mechanise this blood processing stage we have now, on the one hand, 
produced a special bag set intended for that purpose and which includes a ring bag, and on 
the other hand equipped the centrifuge, in accordance with the invention, with a special 
mixing function. In the design preferred by us of this part of the invention the mixing 
function has been built into or made securable to the outer lid of the centrifuge. In or on 
the outer lid there is a specially arranged small electrically powered motor. This motor has 
the special characteristic that it never makes a complete revolution in any direction but is 
quickly stopped before making a complete revolution and thereafter returns to a new 
incomplete revolution. The movement of +92°, lasting one or several minutes, has shown 
that it produces the mixing function we have endeavoured to reach, which, will become 
evident, has as its prime task the replacement of the previous manual flushing of the Buffy 
Coat bags with the required amount of diluting solution, which, today, generally follows 
after the operation named Pooling. The special motor function is achieved by means of a 
gear box, crank function or by control of the motor. From a theoretical point of view the 
hydraulic motor could also be used for this purpose, even when taking into account a lower 
shaking speed and longer mixing time. 
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Connected to the aforementioned motor there is a cassette or holder in which the number 
of concentrate bags with Buffy Coat that are intended to be included in a process can be 
attached. Before these concentrate bags are attached to the cassette they been joined have 
by sterile welding, via an own connecting tube, to the bag set intended for processing to 
which there is included a connecting tube with which all bags with Buffy Coat can be 
connected to a bag with the required amount of diluting solution, as well as via an other 
connecting tube to a ring bag and finally a connecting tube between the ring bag and a 
storage bag for the desired final product. 

When extracting blood platelet plasma from the Buffy Coat the number of bags with the 
original material that is intended to be included in a centrifuging are connected via separate 
connecting tubes in each bag set. These connecting tubes are then in turn joined in a multi- 
way connector to which the diluting solution bag's connecting tube is also connected. The 
latter connecting tube is applied at the same time to a clamp valve on one of the centrifuge 
rotor's supports while the bags with Buffy Coat are attached to the aforementioned cassette 
and the bag with the diluting solution is suspended in the intended holder sufficiently high 
up for the desired amount of diluting solution to be able to be added to each respective 
Buffy Coat bag. The addition of the diluting solution to the Buffy Coat bags is then 
controlled by the aforementioned clamp valve, which, in turn, is controlled by a control 
program that is part of the centrifuge's control system, which also selects the time for 
starting the motor and the length of time it must be operated. It is most suitable to add the 
diluting solution in several portions with a motor operation between each addition. 
Resolving the Buffy Coat in the diluting solution is carried out without any manual 
shaking operation. As the motor operates the cassette with a special forwards and 
backwards movement we avoid the problem associated with damaging the various tubes. It 
is only the tube between the ring bag and the final product's storage bag that is not affected 
by the mixing operation. After the resolution of the Buffy Coat in the different original 
bags is finalised, the contents of ail the bags are added to the ring bag included in the bag 
set via a separate connecting tube, which is also connected to the previously named multi- 
way connector and which, on its way to the ring bag, is placed in the clamp valve on 
another support by which this connection is controlled. After all substance has been 
transferred to the ring bag the connection between this and the original bags is interrupted 
and the diluting solution by sealing the relevant connecting tube on one of the centrifuge 
rotor's supports, which it passes, after which the empty bags and their connecting tubes 
can be rejected. After that a centrifuging of the diluting solution/Buffy Coat mixture is 
carried out while the storage bag intended for the final product is allowed to lie in the 
centrifuge rotor's centre chamber. At the end of the centrifuging operation the lighter 



WO 01/02037 



5 



PCT/SEOO/01076 



blood platelet product is transferred to the final storage bag. In connection with that the 
designed apparatus is utilised in a well-known way to expose the ring bag to an external 
pressure with which it can be emptied, to a greater or lesser degree. This apparatus consists 
of a membrane arranged under the ring bag, beneath which hydraulic fluid can be added 
and thereby expose the ring bag to an external pressure. When emptying the ring bag needs 
to be interrupted it is decided by one or several arranged photocells located in the 
centrifuge's outer lid which employ the difference in colour between the light desired 
blood platelet's rich final product and the dark heavier concentrate products that are 
gathered along the outer periphery of the bag. When emptying the ring bag it is suitable to 
do this in a well-known way through the designed cell trap which, for example, can be of 
the type described in WO 97/30715. When the desired amount of blood platelet plasma is 
removed from the ring bag the connecting tube between the ring bag and the final storage 
bag is sealed in a well-known way whereby both ends of the tube are blocked. All that 
remains after that is to point out that the holder for the diluting solution bag and cassette 
for the Buffy Coat bags can be made removable, in order not to interfere with the 
centrifuge's other functions. 

The invention has now been defined in its various functions in the following patent claims 
and they shall now be given a somewhat additional description relating to the attached 
figures. 

These illustrate: 

Fig. 1 a section through a typical centrifuge, in accordance with the invention 

Fig. 2 the ring bag intended for the centrifuge with the position of the section marked with 

line I-I, in accordance with Fig. 1 
Fig. 3 bag set intended for blood platelet production from Buffy Coat 
Fig. 4 centrifuge equipped with autopooling 

The centrifuge shown in Fig. 1 has rotor 1, centre chamber 2 where, for example, the final 
storage bags for the produced products can be located during the centrifuging operation 
while those connected to the same are filled with the desired component from the 
centrifuge's ring bag. Furthermore, ring chamber 3 is included for ring bag 4. In the latter 
the actual centrifuging operation is carried out. Beneath the ring bag and separated from it 
by a membrane is chamber 5 which can be filled with a hydraulic fluid with the purpose of 
exposing ring bag 4 to an external pressure for emptying the said ring bag. Centrifuge rotor 
1 has furthermore a clockwise rotating lid 6 with the ring bag in which securing function 7 
for ring bag 4 is built in. In Fig. 2 there is a dotted line 7 which illustrates where the 
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clamping function affects the ring bag. In Fig. 1 ring bag 4 is drawn filled with fluid 8, 
which shall be centrifuged. In centrifuge rotor 1 there are three built-in supports 9-11. Of 
these only support 9 is shown on Fig. 1 but how the others internal position relates to this 
is shown in Fig. 2. In the supports, which have a primary function of defining ring bag 4's 
position in the centrifuge and holding the bags in position during centrifuging guide 
groove 12 for different connecting tubes for the blood processing set can moreover be 
arranged. In these guide grooves the clamping function can be built in on the one hand, 
which makes them usable as a check valve for regulating the connection between the 
various parts of the bag sets and, on the other hand, as a welding function with which 
sealing and cutting of the same tubes can be carried out. Support 9 thus presupposes 
movement in arrow 13' s direction and by could therefore function as a clamp valve for the 
arranged tube in guide groove 12. The welding function on the supports requires access to 
. electric power in the centrifuge rotor and, apart from that, requires contact lines between 
the rotor and centrifuge stand for the different control systems of the centrifuge. This has 
been brought about by means of slip ring connectors 14-15 between the rotor and stand 
where 14 marks the centrifuge's rotating part and 15 its included secured part in the 
centrifuge stand. On the figure the centrifuge motor is marked 16. This implies, as shown 
on the sketch, operating the centrifuge's rotor and by that means driving belt 47 located on 
the motor's driving pulley 48 and the centrifuge's driving pulley 49. The centrifuge's 
rotation bearing is marked 50 and the centrifuge's rotating guide is marked 51 . 
Furthermore, in the centrifuge's inner lid there is a central opening 53 which makes centre 
chamber 2 accessible externally even when the inner lid is closed. 

Ring bag 4 as shown in fig. 2 consists of two sheets of some suitable plastic material 
joined together along the welded edges 17 and 18. Between the welded edges 17 and 18 
the internally open ring chamber is formed, which is utilised during centrifuging. Besides 
ring welds 17 and 18 some welded points for strengthening around the holes which are 
intended for locating on supports 9-11. All the ring bags shown on the figures are formed 
with a central opening, which primarily corresponds to the centre chamber 2 opening. This 
is to simplify the passage to the centre chamber. On Fig. 2 this opening is designated 19. 
The ring bag shown in Fig. 2 has an opening for supports 9-1 1 as well as input and output 
tubes 20 and 21 attached to the ring bag's top and bottom sides by means of the welded 
sleeve couplings 24, i.e. securing parts in the form of a short piece of tube with a 
diagonally arranged flat securing collar which, in turn, is welded to the ring bag's top and 
bottom sides in which the connecting tubes in turn are secured by welding. Instead of 
being secured via a similar sleeve coupling the input and output tubes can also be secured 
to each respective welded edge, i.e. weldings 17 and 18 on Fig. 2. 
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On Fig. 3 the bag set for producing blood platelets from the Buffy Coat consists of ring 
bag 22, a bag with diluting solution 23, four connecting tubes 25-28 (the number of 
connecting tubes can vary but, as a rule, should be between 4 and 6), with each one 
intended for welding to a bag with Buffy Coat, multi-way connector 29 which, on the one 
hand, via a tube 30 is connected to the diluting solution bag 23 and, on the other hand, to 
tube 31 and to ring bag 22. From the latter tube 32 is connected to final storage bag 33. In 
tube 30's connection to the diluting solution bag 23 there is blocking switch 45, which 
when required for starting the addition of diluting solution to the bags with Buffy Coat 
connected to tubes 25-28 can be opened by bending the tube. Before the blocking switch is 
opened connecting tube 30 shall be arranged in the guide groove 12 in one of the supports 
9-1 1 that has the clamp valve function that is intended for controlling the addition. 

As it is the particular bag set shown on Fig. 3 that is utilised in the method as shown in 
Fig. 4 we have retained the same designations, also in this figure even if the parts therein 
are drawn to a smaller scale and therefore also less parts. Otherwise, on Fig. 4 there is 
centrifuge 34 standing with its outer lid 35 completely open and locked in position. The 
centrifuge's inner lid has been omitted as it made the figure unclear when drawn. Also the 
centrifuge rotor and ring bag 22 has, to a certain extent, been drawn in a simplified 
manner. The centrifuge's control panel has been given the designation 36. Furthermore, 
the figure shows a position with four blood bags containing Buffy Coat 37-40 suspended 
in cassette 41, which is mounted on the inside of the centrifuge's outer lid. Blood bags 37- 
40 individual outputs have been connected, by sterile welding, to tube connectors 25-28 
and the fluid content of the bags has, via the tubes and connecting tube 31 been transferred 
over into ring bag 22. After that, bags 37^0 have been supplied with washing fluid and 
diluting solution from diluting solution bag 23 suspended in holder 44. Diluting solution 
bag 23 is suspended sufficiently high above bags 37-40 to allow the diluting solution in 
sufficient amounts to be added to these bags as soon as blocking switch 45 in tube 30 and 
clamp valve in support 11, which tube 30 passes, are opened. Communication between 
bags 37-40 and ring bag 22 goes via tube 31 which in turn passes clamp valve in support 
10 and with which the communication is controlled. After the addition of diluting solution 
in sufficient amounts to bags 37-40 the motor is started, not seen in connection with the 
cassette on the figure, and operates cassette 41 forward and backwards in a pendulum 
movement in accordance with curve 42 until all concentrate substance in the Buffy Coat 
bags is resolved and after that the built-in clamp valve in support 10 is opened, which 
output tube 31 from the multi-way connector 29 passes through and all substance added to 
ring bag 22 whereby tube 31, in support 10, is sealed by sterile welding and blocked after 
which the empty bags 37^40 and bag 23 with possible concentrates from the diluting 
solution can be rejected together with the tube system. The flushing out of the blood bags 
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can, if required, be carried out in two or several consecutive flushing operations. After 
flushing out the blood bags, cassette 41 and holder 44 are removed from the centrifuge lid 
whereby the centrifuge is closed and centrifuging is carried out. Final storage bag 33 is 
located in the centrifuge's centre chamber 45. After centrifuging all blood platelet plasma 
is transferred to final storage bag 33 by the application to the bag of an external pressure 
which presses it together by adding hydraulic fluid to space 5 beneath the ring bag. 
Emptying the ring bag is interrupted by photocell 52 when it is registered that the interface 
between the desired lighter substance and the darker non-desired concentrate product is 
starting to approach the outlet through tube 32. After that tube 32 is sealed by sterile 
welding and sealed in one of the supports 9-1 1 after which the ring bag with non-desired 
concentrates of red blood cells, etc., can be rejected. 

In addition, it can also be stated that an adapted database directly connected to a barcode 
reader is utilised to make all the processed blood products in the centrifuge, in accordance 
with the invention, directly traceable at the same time that the database also contains all the 
required control criteria for feasible blood product processing stages in the centrifuge. 



